The history of the birth of new discoveries, or the application of old principles in a new and radical manner, is usually the same: the proponents of the new ideas see the millennium well within their grasp; the opponents endeavor savagely to tear down the pillars which support the new structure. but of it all comes finally the truth-s-conservative minds which arc not fired with the joys of discovery nor made exuberant by the strife, gradually sift out the best and give to the world that which can be used.
The battle which has raged around the turning chair and the value of the labyrinth in aviation does not concern us here. Suffice to say, it extended to two continents-and was acrimoniously debated by those who knew nothing about the subject as well as those who did.
The main reason why heretofore no satisfactory conclusion could be reached seemed to be that the discussions were largely academic in character, and the experimental work fragmentary and open to the objection of impracticability and of having stood the acid test of actual air experience. *This article was written from material gathered in the A. E. F. before access was had to work done in the U. S. The greater part of the detail otologic examinations were made by Capt. Claude Uren, M. C., to whom grateful acknowledgment is made.
The Medical Research Board, which was sent to the American Expeditionary Force, was ordered to the Third Aviation Instruction Center, at Issoudun, Indre, situated about 100 miles south of Paris; it was the largest training camp for American aviators in France.
From the time of the first examinations, in the middle of September, 768 aviators passed through the hands of the board, and not only were the cases studied from the standpoint of the otologist but the most thorough examinations were made from the ophthalmologic, internal medical, physiologic and psychiatric viewpoints as well.
. We are concerned in this study mainly with the otologic side. The details of the findings of the other departments are to be found in other publications.
For several reasons these results are worthy of special consideration. The examinations were made by trained aviation medical men who had had large previous experience along exactly similar lines in the aviation camps in the United States. The aviators were under satisfactory conditions-of military control, and an "esprit de corps" was early established by the fight surgeons and other men, in such a way that the Medical Research Board-was freely consulted, and the men were without fear that their flying status would be jeopardized or shortened by our studies.
It was early seen that the work, from the otologic standpoint, would divide itself into two main groups: (1) Those aviators who complained of a hypersensitiveness to motion with disturbing labyrinth symptoms of various kinds which would in some way interfere with their flying; (2) those who gave no history of hypersensitiveness to motion but who, during routine examinations, were found to show labyrinthine findings which characterized the first group.
The hypersensitive to motion type, as we designated the men in these groups, with its characteristic symptom complex, was naturally the most interesting, and it early developed that in this group a distinct history of sensitiveness to other forms of motion than that produced in chair and the air could be brought out, even before its presence was noted in their air work.
In drawing any conclusions from the results of these studies it must always be clearly borne in mind that on the one hand all the candidates had been examined previous to their admission into the service for hypersensitive labyrinths and the marked cases disqualified. On the other hand, it would be equally fallacious to consider that the hypersensitive men who came to our notice in the A. E. F. developed this hypersensitiveness after they entered the service, on the assumption that all men with 35 seconds or above, or 16 seconds or below, had been automatically cut out by the original entrance examination.
The hyposensitive cases proved to be surprisingly few and confirmed the belief that had been growing in the minds of most men experienced in this work that, given a properly functioning, well balanced labyrinth, low nystagmus time is a matter of very little importance.
Certainly we cannot get away from the practical fact that if a candidate goes through his training with honors, continues his flying without accident and is satisfactory to his instructors he can be regarded as a satisfactory type.
From this position only two conclusions are possible. if by chance we find that such men classed as satisfactory by the flying officers have abnormal labyrinthine findings: (1) Either such findings are of no value as far as efficiency goes, or (2) they have so accommodated themselves to the apparently hypersensitive labyrinth that it bears no relation to the quality of their air work.
Equally true is it that if the candidate appears before the board and complains of symptoms of hypersensitiveness in the air and the examination discloses the fact that he possesses a hypersensitive. labyrinth, the conclusion is fair that the hypersensitive labyrinth plays a causal role in the matter.
Another side of the question which demands attention and which this work helped to solve is whether in the light of our recent experience the original labyrinth. examinations for admission into the service were worth while and whether we should modify or omit such examinations in the future.
A proper appreciation and a fair analysis of the factors involved in these various groups will help us add a little knowledge to the question involved in the title of this article.
The material at the Third Aviation Instruction Center was unique, and the facilities for study were such that one could scarcely hope ever again to have a body of men of a certain definite type under such practical observation conditions. In the first place, they were men who had been culled out in the States, both physically and through the additional attritional grinding of the ground schools. They were all flyers of more or less experience and were eager to cooperate with the Medical Research Board. They were intelligent and took a keen interest in the results of the examinations. They were all working toward the same end, namely, to make themselves fit as quickly as possible for the great adventure of their lives. The results of a great group study of such a body of men should be dependable and should give us a very fair viewpoint of the role of the labyrinth in flying efficiency.
The Normal Type.-Much discussion has arisen as to what constitutes the normal or average labyrinth findings and whether our standards for the aviation candidate, more or less empirically selected in the very beginning of the aviation examinations, were too high or too low.
A compilation of results of the labyrinth findings, on more than 50,000 cases examined for admission into the aviation service, was made by the Statistical Bureau at Washington. It will be recalled that these examinations were made by men specially trained in chair work and all used a standard technic, must be accepted as nearly correct as lies within human possibjlities. The very size of the aggregate, the fact that the results were obtained from different men in different parts of the United States, makes the average dependable.
In order to make our present study as free from criticism as possible, one examiner who had examined thousands of candidates in the States, made over 75 per cent of all the otologic examinations, and the results after final tabulation agree so closely with those given by the early examinations in America that the accuracy of both sets of statistics seems to be established.
There is a limit of accuracy in the observation of nystagmus time as well as a possible variation in all individuals from day to day, that makes it extremely questionable whether one is ever justified in drawing conclusions from results where the difference does not exceed two seconds. and past pointing are lowered by air work is not borne out by the following figures.
The opinion held by many investigators that nystagmus time Table 1 is designed to give a birdseye view and summary of all the vestibular examinations made by the Medical Research Board in the A. E. F., and at the same time compares them with the results of the 50,000 cases examined in the United States. The right and left hand tests are grouped separately. All statistics were calculated on adding machines and the results checked. The following observations are allowable:
Nystagmus.-There is no appreciable difference between the right and left side. This is in accordance with the American statistics.
The apparent lowering of the men from the front is interesting but probably has no significance. It runs a little over half a second lower, as compared with the average run of men at the Third Aviation Instruction Center, but it is a little over a second higher than the general average given from the 50,000 candidates for admission into the Aviation Service at the beginning of the war. Our observations were made with extreme care and accuracy, one man examining practically all the cases, and frequent checkings would show less than a second difference between two observators.
The fact that the monitors, who were doing from four to six hours of flying a day at the time of the examinations, show no reduction, as against the average student, is the best evidence that the apparent lowering in the men from the front is of no significance.
Past Pointing.-Here there is very little difference between the various classes. The past pointing in the States is markedly higher, about 1.4 on the average. The ability to correct an exaggerated past pointing is rapidly acquired. In aviation students, ali of whom have had chair or air experience, it is a matter of pride to accomrnodate themselves, consciously or unconsciously, to vertigo. This may be one reason why the general average was lower in the A. E. F., as it must be remembered that all of the men examined had had previous chair experience, while the candidates in the States were having their very first sensation of vertigo due to turning.
Vertigo.-The average time of vertigo is given with no claim as to the value' of this test. It was taken as part of the routine examination in connection with other observations and represents in a general wayan average.
This test would at first seem to be subject to many inaccuracies. In fact, when taken with candidates for admission or those unaccustomed to peculiar forms of motion, its accuracy is doubtful; but in the testing of men who have had air experience, the comparison of results of the vertigo examinations, from day to day or from test to test, are strikingly constant. Repeatedly there would be no difference at all or perhaps the difference of less than two seconds, between two observations on the same individual on different days. The wide variations found in nonflyers is due to the confusion produced by the vertigo, to which they are unaccustomed and which militates against accurate subjective observation. Table II is a separate study of the results of the same tests by months. It was thought worth while to see if, as the training progressed or if the terrific strain which the men were under in October and the early part of November when men were being forced through the school as rapidly as possible, had any influence on the labyrinth reactions.
The differences are all in fractions of a second or less than a complete past pointing and evidently represent no real differences due to the period of training or the effect of strain. The vertigo was 4.19 seconds greater in October than November, and again in December raised again to 19.2 seconds over 18.17 seconds, but I am loath to admit this has any real significance. Table III is a regrouping of men from the front, monitors and the statistics from the United States, arranged to show the labyrinth reactions according to the group under study. It will be noted that the differences are remarkably small between the different groups. Exceptions in the case of the past pointing have already been spoken of.
The conclusion seems obvious that the amount of air work which these men have had, ranging in the case of students from an average of less than one hour a day, or a total of thirty to fifty hours during their training, to the monitors who are in the air four to six hours daily, does not in any way materially lower their labyrinth reactions. It is equally obvious, judged from the practical standpoint of results achieved, that during the same period they accommodate themselves to new and unusual motion stimuli and a-re turned out finished flyers.
The mechanism of this accommodation to unusual forms of motion, of the rapid and complete compensation to the various forms of vertigo brought about by air conditions, is a question of great complexity and has nothing to do with study. A satisfactory explanation is not at hand, but it seems certain that it involves other factors than the simple accommodation of the labyrintth to new stimuli. We are certainly here dealing with a problem in which the psychologic and cerebral element plays an immense factor. Our studies along these lines are replete with human interest.
Every gradation of the ability of a hypersensitive labyrinth to accommodate itself for the requirements of successful flying has been met with. From the well known case of Captain Eddie Rickenbacker, the foremost of American aces, who in his early acrobatic work on the field was a very hypersensitive type--even to the point of vomiting-to the extremely rare type of student who, after his first experience in acrobatics, is willing to give up flying, we have encountered every phase. \Ve are dealing with the unanalyzable phenomenon of "nerve" ; and this is a factor which is difficult to subject to statistical examination.
With a large and generous quality of this typical American characteristic, many deficiencies can be overcome. On the other hand, fight it out as they may, some of the grittiest of the students were unable to overcome the handicap of a hypersensitive labyrinth and were obliged to discontinue or modify their training.
The exceptions do not prove the rule. These studies convince us that more than ever the original examinations were worth while. If we erred at all, it was on the side of too great leniency as far as the labyrinth examinations were concerned. The hypersensitive type is worthy of deep consideration and, where recognized, should be admitted to the service with greatest caution.
At a conservative estimate 10 per cent of the men who passed through the board, from the standpoint of the labyrinth, would better never have been trained. The saving in lives, in time and in the fitting of round pegs into square holes, would have been worth while.
The Hypersensitive to Motion Type.-This term, although somewhat awkward, expresses exactly the condition of these men and is used throughout this article as fairly descriptive.
It is the type "par excellence," which comes within the region of labyrinth investigation and the solution and explanation of it can in a large part be explained by labyrinth findings.
As it subsequently developed it is unfortunate, that in the original examinations for admission to the service, more weight was not laid on the history of hypersensitiveness to motion. Candidates were originally asked if they had ever been seasick and if so how severely. In the light of our recent knowledge, as the' following table will show, if the questions had been carried a little further much additional interesting information would have been obtained, and many of the truly hypersensitive cases could have been excluded.
The types of motion which were particularly investigated were: Seasickness, swings, merry-go-rounds, car sickness and air sickness due to motion of the plane.
The combinations which Table IV brings out are curious and show that a person is very seldom sensitive to one type of motion alone. There seems to be no one combination favored more than the others.
That this history of hypersensitive to motion, when carefully elicited, should be taken seriously in the selection of candidates, this is shown by the fact that of 76 cases, 40 were obliged to discontinue or modify their air career and that 17 or 22 per cent of them were grounded from this cause, alone.
In studying the way in which their air work was modified by this condition, full access was had to the official reports of the flying records of these candidates. Table three is given in detail in order to bring out the remarks taken from such records. Table IV . is perhaps the most important one in this study.
All cases which came before the board and which gave a history of being hypersensitive to any sort of motion, whether they realized that it had affected their air work or not, are here analyzed. . In many of these cases two examinations have been made and the second examination on a later date serves to emphasize the difference in the findings taken on different days. Thus in case 268 there is a difference of almost ten seconds and in other cases even greater variations may be noted. It is to be remarked that case 268 was put on ferry work, which means, simply flying machines from one place to another, and in which the element of acrobatics is entirely eliminated, or in the case of 232 where the man was grounded because he was unable' to do his work properly on the avro or acrobatic machines.
It will also be noted that the vertigo runs unusually high in cases and that this is often combined according to the column of remarks with either poor flying or reasons for grounding. In the column of falling reactions, a far greater proportion than usual are marked "exaggerated" (ex) markedly exaggerated (mark) or slightly exaggerated (S. E.)
Twenty-seven cases out of 57 are marked nauseated, which is over 47 per cent. Seven out of the group vomited during the test.
In the subsequent columns devoted to different types of hypersensitiveness motion "0" stands for negative answer and "Y" or "Yes" for positive answer.
The men were quizzed very closely as to their experiences in merry-go-rounds (often designated as carousals), swings, trains and street cars, experiences on the sea, the results of their avro work, which was the airship used at Issoudun for trick flying and air acrobatics and finally were questioned regarding their experiences in air work in general.
Often these experiences dated from early childhood, as early as the fourth and fifth year, and the hypersensitiveness had been overcome up to the time they commenced their air work.
The questions were very carefully selected so that the ideas of hypersensitiveness would not be suggested to the candidate.
In the column of remarks, access was had not only to our own very complete histories of the cases but to the official records of their flying filed at headquarters. In this way a final estimate of the true status of the student to his air work can be fairly well ascertained. And one gains the impression that in the 57 cases out of the 76 who were either grounded or discontinued their flying, it would have been far better if in the original entrance examinations greater attention had been paid to his history of hypersensitiveness to motion and the candidate disqualified even if the labyrinth findings fell within apparently satisfactory limits. Table V is a summary of table IV. In this table we tried to find out if anyone form of hypersensitiveness to motion was combined with any other form in an exaggerated proportion.
This does not seem to be the case, and furthermore it is shown that very seldom were the flyers susceptible to anyone form of motion alone, without a combination of some other form. This does not hold for the air alone, for here a positive answer was given in five cases. Almost any discomfort which they experienced in their first flight was usually credited to dizziness.
Finally it is to be remarked that 27 per cent of this series were returned to full duty, while a little over 47 per cent were either grounded or were obliged to discontinue flying on account of hypersensitiveness. And of this latter number 17 or' 29.08 per cent of the total were disqualified with the diagnosis of hypersensitive labyrinth.
Chart 6 is a record of 35 cases where there was absolutely no history of being hypersensitive to motion, but where in the routine examination a nystagmus of 30 seconds or more was noted.
As a matter of convenience, 30 seconds was selected as a lower limit of hypersensitiveness, because it was found that as many cases had the characteristic symptom complex of hypersensitiveness to motion between 30 and 35 seconds as did those above.
The remarks in this chart cover a wide range of subjects and were taken from our history of the cases. As far as can be judged ten of the 35 cases are normal (429, 229, 285, 276, 59, 473, 302, 386, 259, 368) and show that nystagmus as high as forty seconds (229) with a slightly exaggerated falling is not necessarily incompatible with good flying.
Case 429 with 36 seconds nystagmus, 4-5, 3-3, past pointing and 22 seconds vertigo was put in Class A.
In considering these ten exceptions, it must be borne in mind that there were ten such cases in nearly 800 men, so that as a class, men who have high nystagmus and still make good flyers are not particularly common.
The cases under chart 6, where their flying career was markedly modified and can be credited to the hypersensitive labyrinth are seven in, number (6, 456, 381, 362, 849, 118, 188) .
I t is to be noted in the "Remarks" that in five cases focal or other infections are given credit for the labyrinth irritation. It is a point which in our experience is pretty well established, that local or general infections, the focal infections of the teeth, or the more common infection of influenza, certainly do temporarily increase the nystagmus time. During such temporary increases we have forbidden the men to fly, as many deaths are directly attributable to accidents, while the men are sick from partially recovered infective conditions.
Attention is called to cases 381, 345, 116, 245 where marked lowering of the nystagmus is obtained at a subsequent examination.
So important do we consider this point and s0 many marked cases occur throughout our studies, that we find it unwise in studying any pathologic case, to accept labyrinth findings unless they are taken under the same observational conditions at least a week apart.
In admission examinations also, we would think it only fair, where the history of hypersensitive to motion is at all doubtful and where the nystagmus time is excessive, not to disqualify the candidate without a subsequent examination a week later. A history of a cold or active infection would also demand a second examination after the trouble had cleared up.
The Subnormal Labyrinth. Chart VI I.-As previously noted, these cases were extremely rare, but 14 with 16 seconds or below and but 2 with 13 seconds or below.
In the early days of the entrance examination in America the lower limit of 16 seconds was very closely adhered to while the upper limit was more elastic.
The majority of us, I think, have deviated widely from that original conception. Very little evidence of any kind has been produced that a hypersensitive labyrinth interferes with flying ability or that it dulls the perception of special localization and movement. We must have a perfectly intact, well balanced labyrinth and the lower limit is a matter of very little moment.
In this group of 14 cases, only one case was recommended for grounding on this cause alone (266). This was one of the very early cases and I have always felt that it was a mistake. In the other cases, the remarks give a hint as to why they appeared before the board and the connection with the hypersensitive findings is very questionable.
Monitors.-The monitors at the Third Aviation Instruction Center were a group of men who had been selected as flying instructors, because of their superior skill and experience as flyers. They had been culled out from the thousands of students who had passed through the school because they represented in every way the ideal American aviator. No medical examination had influenced their selection as monitors. It was the hard-headed experience of the heads of the flying departments-the fact that they had made good without accidents, that they were dependable, morally, physically and physiologically, that resulted in their selection for this important and dangerous work.
It is difficult to imagine where a finer group could be found for an intensive study of the American flyer under conditions of intense mental and physical strain. They were all eager to cooperate with the examinations, they were all actively engaged daily with hours of air work and were in the best physical condition possible. (But one out of the 110 was found physically unsatisfactory, the rest were normal.)
The supervision of this group study was under the control of Major Edwin Schneider, formerly professor of physiology at the University of Colorado, and elaborate studies were made of the reb rea thing tests (the English tests for flying efficiency) and the physiologic, psychologic, psychiatric sides.
The eyes were studied and the ears and labyrinth examinations were made with great care. The results given in Table VIII speak  for themselves.  Table VIII and the following charts give in detail the results of these investigations from the otological standpoint.
In passing it might be said that from the standpoint of the normal, ideal flier these statistics have never been equaled. In not a single case, not one of these 110 men deviated physically except are man who had just returned from active duty at the front and had been put on temporary monitor work.
In every single case the eye findings were normal and the men checked up normally from the physiologic and psychologic viewpoints.
Otologic Study.
-There was no case in which the nystagmus exceeded 36 seconds. There was only one case in which the nystagmus fell below 16 seconds, on both sides (330).
The lowest past pointing was 1-1, 328, 133, 378, 419). The highest 5-4 (384). The falling reaction was generally normal, in one case exaggerated and in one case subnormal. Their falling curves as shown on the self-registering joy stick was invariably normal. The vertigo was constantly low. No case of nausea or vomiting was noted. The averages are given in Table - . The only deviations from the normal for the eyes, the medical or psychiatric examinations are those given in the footnotes at the end of the table.
If this group study shows one thing, it shows that by natural selection men have finally become to be monitors, and that the unfit temperamentally and physically have fallen by the wayside. The terrible strain of the work, the accidents and natural elimination, has dropped the weaklings and the hypersensitive to motion type by the roadside.
If this group of men represents our highest type of air men, then certainly if his physical findings correspond exactly with the original ideal requirements for admission into the service, we may conclude that these requirements as laid down in the original 609 examinations, were very close to the ideal requirements.
One suggestion which was constantly made in America, was that practice would materially lower the nystagmus and other vestibular reaction time. The analysis in Table IX , as well as statistics previously given effectively disproves this theory.
Fields 2, 5, 8 and 9 were given over almost exclusively to instruction in acrobatics.
Some of these monitors were in the air five and six hours a day, doing various forms of air stunting, such as tail spins, turnings, loops, etc., certainly if we are to find the influence of constant movement in cutting down the nystagmus or influencing the other tests we would find it here.
Chart X is the detailed findings of the monitors by Fields. A comparison of these tables shows no constant variation. We are always forced back to the same conclusion that there is no evidence that actual flying conditions lower the labyrinth reactions, but that the general averages given in Table I represents the true status both as the experienced and nonexperienced flyers. The difference between the two groups is simply in their ability to adapt themselves to the vertigo and not have it interfere with their airwork.
The Men from the Front.-Naturally the one group which the Medical Research Board desired to study was that of the men who had been subjected to the actual strain of fighting.
In this we were somewhat disappointed as far as any far reaching effects in the way of staleness was concerned. Our boys were not subjected to the fearful strains that the English and French had to endure during the first three years of the war, and in addition many of them as can be seen by the following tables had but a few short hours over the lines.
The study of the 110 men here presented represents possibly one-tenth of the American aviators who were actually flying at the front when the armistice was signed, but our observation of these men who had actually had experience at the front with from 40 to 250 hours over the line leads us to the same inevitable conclusion. The general type is the same, the comparison of the labyrinth reactions shows no striking changes. Table XI gives a detailed review of the labyrinthine findings in these men. In the column of remarks can be seen the hours over the lines and the number of their victories placed to their credit. Weare impressed with the few whose nystagmus time go over 35 seconds, only one case on both sides.
One man (637) who was hypersensitive and could not have his test completed on account of the nausea had 29 to 30 seconds and 4 to 5 past pointing and was credited as an American ace.
The second, (655) with 31-36 seconds nystagmus, was also hypersensitive and brought down two planes.
A third (660) with 26 seconds was also nauseated. The rest were all in the normal class. The three exceptions with no excessive nystagmus showed evidences of staleness and were temporarily indisposed.
If we refer again to the general summary given in Table I we note how closely these men approach the general average. More interesting, however, is the fact that when Table XI is studied in detail, we note as in the monitor group study an absence of the hypersensitive to motion type.
It is the striking normality of the successful type that interests us, a type which had to be picked out, as far as the labyrinth is concerned almost empirically at the beginning of the war. These statistics speak worlds for the accuracy and soundness of the original standards.
It is a matter of interest purely that we tabulate eight men Table XII examined by the Medical Research Board, who had brought down five or more enemies, thus putting them in the class of American aces.
Had the war lasted but a few months longer many names would have been added to this list. In a large measure they had opportunities that the other did not have.
In giving their findings we are taking no credit from them, when we show that they deviate in no essential particular from the other men we have examined. Their nystagmus time never reached 30 seconds and there are no hypersensitive types among them.
eonclusions.i-s), In conclusion it might be said that the statistics for this paper were worked up with great care and exactness.
The fact that we were dealing with the human organism had no place in the manner in which the examinations were conducted. The nystagmus was observed as carefully as possible, the past pointing and falling were accurately determined.
But when the cases are totaled and compared with the statistics from America, we again take into consideration the variability of the human element. The slight differences but strengthen the belief that as a result of continuous air workacrobatic work-monitor work or work over the lines the labyrinth reactions are not changed in any essential particular.
2. Among the select and the successful the hypersensitive to motion type are few and far between.
3. Many typical hypersensitive to motion types can accommodate themselves to this handicap and become successful.
4. A very considerable number of those who slipped through the entrance examinations or who were on the border line of the hypersensitive to motion type were not able to overcome the handicap and are dropped by the road side.
5. Given an intact and well balanced labyrinth-there is nothing to indicate that the lower nystagmus limit is of consequence even as far down as 13 seconds.
6. The normal labyrinth findings as previously determined is substantiated by our studies.
7. Special care should be exercised in allowing candidates with a hypersensitive to motion history and nystagmus around 30-35 seconds to enter the service. Thirty-five seconds is the extreme margin of safety.
With the great amount of material which America has to.
select from, no one should allow themselves to be influenced by the exceptions brought out in this paper.
9. Although almost any handicap of hypersensitiveness to motion can exceptionally be overcome why should we risk the possible serious consequences? 
